For pneumatic system controls, a data transmission system is needed with high speed and reliability for information interchange between main computer and 1/0 devices. This paper presents a set of design techniques for a data communication system that is mainly used for pneumatic system controls . For this purpose, we first designed hardware modules for an interface between the central control module and the local node that handles the operation of solenoid valves. In addition, a communication protocol is developed for construction of RS-485 based multi-drop network, and this protocol is basically designed with a kind of polling technique. Finally we the performance of the developed system is evaluated. The field test results show that, even under high noise environment, the data transmission of 375Kbps rate is possible up to 1,000m without using repeater. In addition, the system developed in this research can be easily extended for a communication network because of its modular structure .
INTRODUCTION
. By using the fieldbus system, we can reduce the number of cables as well as modify number of field devices easily .
This research develops a data transmission system based on the filedbus structure , and applies the system for pneumatic system control . For this purpose, we first designed hardware modules for an interface between central control module and local node that handles the operation of solenoid valves. In addition we developed a communication Figure  1 . Block diagram of the host control module and the transmitting data through transmission lines are separated by using the photo-couplers. The data transmission rate (Baud rate) can be selected by setting the dip switches connected to microcomputer. In addition, the similar dip switches are used in the local node to select the data transmission rate. For normal data transmission, two dip switches must be set in the same position.
Local Node As described previously, the local node consists of communication/power supply module, local node control module, and drive module, and the block diagram is described in Figure 2 . in which the data transmission rate must be the same as the rate that is set in the host control module. In addition, the address of the local node is selected by setting two switches connected to microcomputer.
Drive Module
The drive module work as two different devices.
First, this module control the solenoid valve using data from the central control module. In this case, the transmitted data is serial form, and this data is converted to 8-bits parallel data. Using the parallel data, ON/OFF of 8 solenoids are controlled. Second, this module deliver data from the limit switches to the local node control module. In this case, data from the limit switches is 8-bits p arallel data. After parallel data is converted to serial form, the data is transmitted to the local node control module. As described in Figure  3 , since each module is implemented on independent board, the system is expanded easily. In this case, the address of designated slave device is included in command. The designated slave device having the same address as the one from the controller execute the corresponding command, and the result can be checked in the central controller.
Construction of RS-485 Network
In this research, PC including host control module work as central controller and the local node control modules work as slave devices. When each local node control module does not transmit data, it becomes response state. We construct network using the daisychain method which can minimize signal reflection from transmission line [5] . In this method, the network is constructed with multiple segments which are connected with repeater. Total 32 local node control modules can be connected to each segment. When the number of module exceeds 32, it leads to communication error due to rapid reduction of IC driver's current.
Design of Communication Protocol
The data communication between PC and the local nodes is executed by distinguishing transmitting data and receiving data. The transmitting data is used as control signals for solenoid valve or for receiving signals from limit switches. The receiving data is used for receiving data from limit switches. The transmitting data is consists of 5 fields (1 byte per fi eld), and the receiving data is consists of 3 fields (1 byte per field). The pneumatic system is controlled by two different strategies. In the first case, to control the designated solenoid valve, set the value of ID and COMMAND to 0, and put control signal into DATA 0 and DATA 1, and transmit this data through the bus. In this case, BCC data for error checking is automatically generated in the host control module by making logical EX-OR operation of value of ID, COMMAND, DATA 0, and DATA 1. The local nodes connected to bus checks the value of ID, and reads the transmitted data when the value of ID is the same as its own address. In this case, since the value of COMMAND is set to 0, DATA 0 and DATA 1 are used as control signal for solenoid valve. In addition, the local node prepare for error checking by taking logical operation. In other words, the local node computes the value of ERROR _CHECK=(ID) EX-OR (COMMAND) EX-OR (DATA 0) EX-OR (DATA 1). If ERROR _CHECK=BCC, there are no errors in transmitted data. In contrast, if ERROR CHECK BCC, there are errors in transmitted data, and the controller should transmit the same data again.
In the second case, to check the status of limit switches attached to pneumatic system, set the value of ID and COMMAND to 1, and transmit this data through the bus. In this case, since the data of DATA 0 and DATA 1 are not used as control signals, it does not affect the system operation. The local nodes connected to bus checks the value of ID, and reads the transmitted data when the value of ID is the same as its own address. In this case, since the value of COMMAND is set to 1, the local node recognize that it has to transmit the status of limit switches to the central controller. The local node put the status of limit switches into DATA 0 and DATA 1, and transmit this data to the controller. Then the central controller checks the status of limit switches using this data. In this case, BCC data for error checking is automatically generated in the local node module by naking logical EX-OR operation of value of DATA 0 and DATA 1. In addition, the central controller prepare for error check by taking logical operation. In other words, the controller computes the value of ERROR _CHECK=(DATA 0) EX-OR (DATA 1). If ERROR_CHECK = BCC, there are no errors in transmitted data from the local node. In contrast, if ERROR _CHECK # BCC, there are errors in transmitted data, and the local node should transmit the same data again.
PERFORMANCE EVALUATION
We made performance evaluation with developed data transmission system, and Figure 6 shows facility for performance evaluation. Test items are data transmission rate, maximum distance, noise immunity, and reliability of control program. The test result shows that the developed system can be used for controlling solenoid valves, with data transmission rate of 375 Kbps and up to distance of 1,000m without using repeater. In addition, the developed system shows good noise characteristics by using two independent power sources for main control and communication. The probability of transmission error was also reduced by applying 1-byte checksum data.
CONCLUSIONS
In this research, we developed a data transmission system for pneumatic fieldbus system and designed hardware modules for interface between the central controller and pneumatic system. In addition, developed communication protocol for construction of RS-485 based multi-drop network. The performance result shows that the developed system can be used for controlling solenoid valves, with data transmission rate of 375 Kbps and up to distance of 1,000 m without using repeater. In addition, the system can be used in highly noisy environment, and can easily be expanded. The system developed in this research can be applied to factory automation system and remote data acquisition system. For example, it could be possible to combine complex control system and make multiple distributed modules, and to construct a network in which all the modules are connected as subsystem.
By applying this system, the data acquisition and information interchange between central controller and production lines become fast.
